This work estimates the probability of µ to e neutrino oscillation with two sterile neutrinos using a 5x5 U-matrix, an extension of the previous estimate with one sterile neutrino and a 4x4 U-matrix. The sterile neutrino-active neutrino mass differences and the mixing angles of the two sterile neutrinos with the three active neutrinos are taken from recent publications, and the oscillation probability for one sterile neutrino is compared to the previous estimate.
Introduction
Reviews of experimental data on neutrino oscillations [1, 2, 3] find that there probably are two sterile neutrinos. Refs. [1, 2] by Kopp et. al. discuss a variety of experiments on neutrino oscillations, with appearance and disappearance, while the present work treats ν µ to ν e appearance. A recent analysis of neutrino oscillation experiments with one and two sterile neutrinos [4] estimate the sterile neutrino masses and mixing angles used in the present work.
In the present work we use a U-matrix approach, introduced for active neutrinos with a 3x3 U-matrix [5] , and extended to a 4x4 U-matrix with one sterile neutrino in a recent study of P(ν µ → ν e ), the transition probability for a muon neutrino to oscillate to an electron neutrino [7, 8] . We introduce a 5x5 U-matrix for three active and two sterile neutrinos, using the parameters found in Refs. [1, 2] and Ref. [4] 
5x5 U-Matrix
Active neutrinos with flavors ν e , ν µ , ν τ and two sterile neutrinos, ν s 1 , ν s 2 are related to neutrinos with definite mass by
where U is a 5x5 matrix and ν f , ν m are 5x1 column vectors. We use the notation s ij , c ij = sinθ ij , cosθ ij , with θ 12 , θ 23 , θ 13 the mixing angles for active neutrinos; and s α = sin(α), c α = cos(α), s β = sin(β), c β = cos(β), where α = θ i4 , β = θ i5 are sterile-active neutrino mixing angles, with i=1,2,3, and δ CP =0.
where (O 45 , giving sterile-sterile neutrino mixing, is not shown) 
an extension of the 4x4 [7, 8] theory with one serile neutrino, which used the 3x3 formalism of Ref [5] , to a 5x5 matrix formalism. From Eq(2), multiplying the nine 5x5 O matrices, we obtain the matrix U. With δ CP =0, U * ij = U ij , so we only need U 1j , U 2j . The active neutrino mixing parameters [6] are c23 = s23 = .7071, c13 = .989, s13 = .15, c12 = .83, s12 = .56.
The active neutrino mass differences are δm Note that the sterile-active mixing angle used in Refs [7, 8] From the discussion below Eq(4) , α ≃ β ≃ 9.2 o , with sa = sb ≃ 0.16 and ca = cb ≃ 0.9871, which are used to determine U 1j , U 2j in Eq(4).
In the figure below, the results of the two sterile neutrinos on P(ν µ → ν e ) using Eq(6) and the parameters obtained from Ref [4] are shown for four experimental neutrino oscillation experiments.
The figure also shows P(ν µ → ν e ) with α = β = 0 o , giving the results of a recent 3x3 S-mtrix calculation [9] to compare to the results with two sterile neutrinos.
Using Eq(6), one finds P(ν µ → ν e ) ν E (GeV) Kamioka 4 P(ν µ → ν e ) For One Sterile Neutrino
As mentioned above, in our previous articles on P(ν µ → ν e ) with one sterile neutrino [7, 8] we used the sterile neutrino-active neutrino mixing angle = 9.2 o from Refs [1, 2, 3] , while from the recent Ref [4] the sterile neutrino-active neutrino mixing angle α = θ i4 ≃ 9.2 o , with sa ≃ 0.16 and ca ≃ 0.9871 for the first sterile neutrino. Also, in Refs [7, 8] we used δm
2 , which also changes the estimate of P(ν µ → ν e ) with one sterile neutrino.
As discussed in Ref [7] the transition probability P(ν µ → ν e ), assuming
with the parameters defined above. Using c 12 = .83, s 12 = .56, s 23 = c 23 = .7071, and s 13 = .15, (with s ij , c ij = sinθ ij , cosθ ij ),
with α the sterile-active neutrino mixing angle, s α , c α = sin(α), cos(α)
In Figure 2 we compare P(ν µ → ν e ) with one sterile neutrino using the sterile-active neutrino mixing angle of 9. ≃ 0.9(eV ) 2 in Ref [8] ; and P(ν µ → ν e ) with no sterile neutrino. Note the results are different fron those in Ref [8] because of the mass differences.
In Figure 2 the solid curves are estimates of P(ν µ → ν e ) using the parameters from Ref [4] for one sterile neutrino, while the dashed curves are P(ν µ → ν e ) with only active neutrinos. 
Conclusions
From Figure 1 we note that even with the small mixing angles, α = β = 9.2 o , obtained from the analyses given in Ref [4] there is significant diference between our 5x5 and the earlier 3x3 prediction for P(ν µ → ν e ), given by α = β = 0 o . Also, from Figure 2 , for one sterile neutrino P(ν µ → ν e ) differs significantly for α = 9.2 o , δm 2 4i ≃ 1.75(eV ) 2 given in Ref [4] compared to α = 9.2 o , δm 2 4i ≃ 0.9(eV ) 2 used in Ref [8] . Therefore in future neutrino oscillation experiments the effect of two sterile neutrinos should be measured. Also the value of the sterile-active neutrino mixing angle might be more accurately determined in the near future.
